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FOREWORD 


Reconnaissance studies of the hydrology of the ocean areas around New Zealand 
were given priority in the early research programmes carried out by the Institute. 

Since 1963 this work has been followed by detailed studies of the summer situation 
in specific areas of the New Zealand region. The results presented in this memoir 
extend our knowledge of ocean water circulation to the areas north and west of the 
North Island. 


J. W. BRODIE, Director, 

New Zealand Oceanographic Institute, 
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OCEANIC HYDROLOGY NORTH¬ 
WEST OF NEW ZEALAND 

by 

D. M. Garner 

New Zealand Oceanographic Institute 


abstract 

A survey of ocean temperature and salinity during February 1966, the fourth of a series, is described 
for the region between the north of New Zealand and the vicinity of Norfolk Island. 

Geopotential calculations showed a net east-going geostrophic flow through the survey area 
above the core of the Antarctic Intermediate Water at a depth of about 1 km. A large wave in this 
flow, probably topographically induced, appeared to the east of the Norfolk Ridge. No indication 
of a Tropical Convergence or of a south-west-flowing Trade Drift was found. 

Calculations of sound velocity showed a belt of relatively high velocity running zonally through 
the middle of the survey area in the axis of the SOFAR channel. Velocity corrections for echo sound¬ 
ings were derived for the region. 


INTRODUCTION 


SURVEY DETAILS 

A survey of the temperature and salinity of 
ocean waters north-west of New Zealand was 
undertaken by the New Zealand Oceanographic 
Institute from m.v. Taranui during February 
1966. This cruise was the fourth in a series of hydro- 
logical surveys designed to provide a representa¬ 
tion of the summer hydrological situation in 
oceanic waters around New Zealand. Previous 
cruises have covered the region east of the northern 
part of New Zealand (Garner, 1967a; Ridgway 
in press) and the south-east Tasman Sea (Garner, 
1967b). 

In Fig. 1 the station plan of the cruise is shown 
in relation to the main bathymetric features of 
the region surveyed. Four lines, each of six stations 
about 90 miles apart and approximately meridion¬ 
ally oriented, were worked between latitudes 
27° and 35° S. The first two lines (Sta. E 496-501 
and E 502-507) lay over the western and eastern 
sides of the New Caledonia Basin where the 
bottom slopes upwards to the Lord Howe Rise 
and the Norfolk Ridge, respectively. The other 
two lines (Sta. E 508-514-519) lay over the western 
and eastern margins, respectively, of the Norfolk 
Basin, which is flanked on the west by the Norfolk 
Ridge and on the east by the Three Kings Rise. 
The last two stations of the cruise were to the 


north-east of North Cape on the south-western 
margin of the South Fiji Basin. 

At each station the vertical variation of tempera¬ 
ture and salinity from the surface to a maximum 
depth of 2.5 km was measured using the bathy¬ 
thermograph, reversing bottles, and reversing 
thermometers as in the previous cruises of this 
series. Temperatures and pressures at sampling 
points were calculated from the reversing thermo¬ 
meter readings through the use of LaFond’s 
(1951) tables and the thermometer certificates. 
Salinities of water samples drawn from the reversing 
bottles were determined at sea with an inductively 
coupled salinometer. 

PRESENTATION OF DATA 

The station circumstances (times, positions, 
weather) are listed in Table 1, and the station 
data (observed temperatures, depths, pressures 
and salinities, with derived values of density, 
geopotential anomaly and sound velocity) are 
listed in the Appendix. The tables of LaFond 
(1951), Bark ei al. (1964), and the U.S. Navy 
Hydrographic Office (1956) were used for these 
derivations. Tracings of bathythermograph records 
are reproduced in Fig. 5. Distributions of tempera¬ 
ture and salinity on various surfaces are mapped 
in Figs. 3-10 in support of the discussion follow¬ 
ing. 
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DISCUSSION 


GEOSTROPHIC CIRCULATION 

Fig. 2 is a map of the dynamic topography 
of the survey area referred to an isobaric surface 
of 1,000 decibars. Essentially similarly shaped 
topography was obtained for the sea surface 
with respect to the 500, 1,000, 1,750, and 2,000 
decibar surfaces, so evidently the choice of a 
reference surface is not critical for this region 
as it was, for instance, in the south-east Tasman 
Sea (Garner, 1967b). The 1,000 decibar reference 
surface has been chosen for the pattern reproduced 
here to facilitate comparison with other topo¬ 
graphies published both in this series of studies 
and elsewhere. 

If the reference surface be supposed level, 
the contours of dynamic height (Fig. 2) are also 
streamlines of the surface circulation that would 
be in geostrophic equilibrium with the observed 
density distribution. The net flow through the 
survey area at the surface (and, apparently, 
at all levels within the upper few hundred metres) 
was east-going at all latitudes. A large perturbation 


in this zonal flow occurred east of the Norfolk 
Ridge. While station spacing was too coarse to 
define the configuration of this feature uniquely, 
it has been depicted (Fig. 2) as a trough in the 
topography, the axis of which extended from west 
of North Island towards Norfolk Island. A 
relatively strong north-west-going stream, counter 
to the general trend, ran south of Norfolk Island 
for a short distance as part of this disturbance. 

The relation of the topography of the survey 
area to that of the Pacific as a whole may be seen 
by comparing Fig. 2 with the work of Reid (1961, 
Fig. 1) or Wyrtki (1962b, Fig. 1). On the basis of 
these studies the survey area is seen to be situated 
on the southern slopes of a topographic ridge 
with its axis lying in the subtropics, approximately 
on the latitude of Fiji. Along the northern side 
of this ridge the South Equatorial Current flows 
westwards. The East Australian Current flows 
southwards along the Australian coast around 
the western end of this ridge, and the return 
flow of the South Pacific Subtropical Gyral 


Table 1. Station Circumstances 

Air (screen) temperature and wind properties were estimated at bridge level. 
Uncorrected depths were derived from an intermittently operating echo sounder. 


N.Z. Date/Time 
(1966 February) 

Station 

No. 


Start 

Finish 

E 496 

10/1244 

1455 

E 497 

11/1055 

1328 

E 498 

12/0635 

0949 

E 499 

12/1900 

2055 

E 500 

13/0615 

0813 

E 501 

13/1812 

1957 

E 502 

14/0929 

1120 

E 503 

14/2140 

2315 

E 504 

15/0825 

1011 

E 505 

15/2120 

2400 

E 506 

16/1025 

1151 

E 507 

16/2210 

2345 

E 508 

17/1703 

1900 

E 509 

18/0848 

1135 

E 510 

18/2145 

2335 

E 511 

19/1034 

1353 

E 512 

20/0253 

0504 

E 513 

21/0428 

0806 

E 514 

21/2204 

2343 

E 515 

22/1046 

1216 

E 516 

22/2326 

2453 

E 517 

23/1017 

1200 

E 518 

23/2122 

2347 

E 519 

24/0900 

1125 

E 520 

25/0846 

1021 

E 521 

25/1540 

1718 


Latitude 

Longitude 

Depth 

°S 

°E 

m 


35° 00' 

166° 00' 

2,350 

33° 30' 

164° 49' 

3,065 

31° 54' 

164° 20' 

30° 30' 

164° 31' 

„ | 

28° 59' 

164° 24' 

3,396 

27° 30' 

164° 30' 

3,275 

27° 30' 

166° 30' 

3,508 

29° 00' 

166° 32' 

3,406 

30° 30' 

166° 29' 

2,995 

32° 00' 

165° 53' 

33° 30' 

166° 28' 


35° 00' 

167° 30' 

2,672 

35° 00' 

170° 30' 

2,014 

33° 00' 

170° 18' 

2,280 

32° 00' 
30° 27' 

169° 00' 
168° 32' 

28° 5T 

168° 57' 

3,250 

IT 30' 

169° 00' 


26° 45' 

170° 25' 


IT 24' 

171° 35' 


29° 00' 

171° 30' 


30° 25' 

171° 35' 


32° 00' 

172° 00' 


33° 24' 

171° 33' 


33° 50' 

173? 00' 

■ i 

33° 50' 

174° 00' 

2,363 


Wind 


Air Temp. 


°c 

Dir. 

°T 

Speed 

kts 

21.0 

040 

14 

21.1 

280 

35 

21.9 

265 

4 

23.0 

calm 

m i 

24.5 

045 

3 

24.1 

120 

10 

23.7 

110 

9 

23.5 

090 

6 

23.7 

050 

12 

22.4 

050 

6 

21.0 

060 

4 

21.4 

090 

4 

20.7 

100 

12 

22.5 

calm 


23.6 

040 

9 

24.2 

020 

11 

24.3 

055 

5 

25.7 

090 

12 

25.9 

080 

13 

25.5 

090 

16 

23.6 

090 

5 

23.5 

090 

3 

22.8 

calm 


22.5 

calm 

■ r 

22.0 

calm 

,, 

24.0 

calm 

i ■( 
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Fig. 1 . The survey area north-west of New Zealand showing station positions against the bathymetry of the region. Isobaths 
are shown in metres at intervals of 1 km. Areas where the depth is less than 1 km are stippled. The cruise track is shown as a 

broken line. 


system flows eastwards, to the north of New Zea¬ 
land, along the southern slopes of the governing 
high. Surface geopotential anomalies accord well 
when comparing the present work with these 
broader schemes previously established, and thus 
it might be inferred that upper water layers of this 
survey were derived from the main outflow from 
the Tasman Sea of the East Australian Current. 


Wyrtki (1962b) compared his topographic map 
of the south-west Pacific with charts of average 
surface currents derived from ships’ reports, and 
found “good agreement south of 30° S and through¬ 
out the range of the East Australian Current”. 
These average surface current charts, (for example, 
Wyrtki (1960) or Defant (1961, Plate 8)) show to 
the south of the relatively strong South Equatorial 
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Fig. 2. Geopotential topography of the sea surface relative to the 1,000 decibar isobaric surface. Contours of geopotential 
anomaly are in dynamic metres and are also stream-lines of the relative geostrophic flow at the surface, in the direction of the 

arrows. 


Current an extensive, weaker flow towards the 
west or south-west between 10° S and 30° S at the 
surface in the south-west Pacific, practically 
opposite to the flow indicated by the geopotential 
topography. Wyrtki (1962b) stated that “this flow 
to the west, the Trade Drift, is a wind drift at the 
surface, and consequently cannot appear as a 
geostrophic current”. Since other major wind- 


driven currents seem to be associated with rather 
deep-lying horizontal pressure gradients arising 
from the mutual adjustment of velocity and density 
(for example, the South Equatorial and Circum¬ 
polar Currents), this implies the existence of a 
rather special, almost completely ageostrophic, 
situation. Reid (1961), also, compares various 
current atlases with the general surface topography 
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Fig. 3. Isotherms of sea surface temperature (°c) derived from station data and thermograph records along the cruise track. 
Filled circles at the station positions mark the absence of a well defined isothermal upper mixed layer. 


of the whole Pacific Ocean relative to the 1,000 
decibar surface. He concluded, through the good 
general agreement, that “the geostrophic currents 
can be accepted with some confidence in areas 
where other data are lacking”. From experience 
with the magnitude of the ship’s leeway while 
hove-to on station during the current survey 
series, one wonders whether these “current charts” 


derived from navigational records can do other 
than measure some effect of mean wind patterns, 
except in regions of rather strong, steady currents. 
Reid (1961) pointed out that “where current and 
wind are opposed geopotential anomaly will 
decrease along a streamline”, and vice versa, thus 
accounting for a rise in dynamic topography 
towards the west in the trade-wind region. 
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• ISLAND 


IRUti KINGS 
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Fig. 4. Full lines are isohalines of the sea surface salinity (% 0 ). Broken lines are isohalines on the surface of maximum salinity. 
Where these converge the salinity maximum lies at the surface. Filled circles at the station positions mark the existence of a 

subsurface maximum in the salinity-depth measurements. 


SURFACE TEMPERATURE AND SALINITY 

Surface temperature over the survey area (Fig. 3) 
ranged from nearly 26°c in the north-east to about 
21 °c in the south. A localised area of lower surface 
temperature (~ 19°c) between the Three Kings 
Islands and the northern coast of New Zealand 
presumably marked upwelling on the shelf. This 


region was traversed at night in very calm condi¬ 
tions, and the cooler surface waters contained 
large numbers of phosphorescent animals. Surface 
isotherms over the survey area had a marked trend 
from the north-west to the south-east, surface 
water being considerably warmer in the east of 
the area than in the west. 
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A broad ridge of high salinity (~35.7% 0 ) with 
its axis following, approximately, the trend of the 
24°c isotherm dominated the surface salinity 
distribution (Fig. 4). Both surface temperature 
and salinity decreased fairly rapidly to the south 
of this ridge. Isolines had a wave-like configuration 
with warm, highly saline water tending to lie over 
the bottom ridges and colder, less saline water 
over the troughs. For the basically east-going flow 
through the survey area described in the previous 
section, these deflections accord with elementary 


theories concerning the influence of bottom topog¬ 
raphy on ocean currents described, for example, by 
Defant (1961, pp. 429-36). 

Simple correlation between surface temperature 
and salinity was no longer evident on the northern 
side of the high salinity ridge, where isotherms 
and isohalines tended to intersect at large angles. 
Lowest salinity in this region was found north-west 
of Norfolk Island, and highest surface temperature 
was found in the north-east of the survey area. 



Fig. 5. Bathythermograph traces from the stations indicated. 

13 


Inset 2* 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 


^cc^S©G) 






















































































Fig. 6a. Vertical cross section of temperature, °c, along the western side of the New Caledonia 
Basin. 

b. Vertical cross section of salinity, % 0 , along the western side of the New Caledonia 
Basin. 

North is at the left. The scale of pressure is numerically close to that of depth in metres 
(see Appendix). 
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Fig. 7a. Vertical cross section of temperature, °c, along the eastern side of the New Caledonia 
Basin. 

b. Vertical cross section of salinity, % 0 , along the eastern side of the New Caledonia 
Basin. 

North is at the left. The scale of pressure is numerically close to that of depth in metres 
(see Appendix). 
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Fig. 8 a. Vertical cross section of temperature, °c, along the eastern side of the Norfolk Ridge. 
b. Vertical cross section of salinity, % 0 , along the eastern side of the Norfolk Ridge. 
North is at the left. The scale of pressure is numerically close to that of depth in metres 
(see Appendix). 
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Fig. 9a. Vertical cross section of temperature, °c, to the north of New Zealand. 
b. Vertical cross section of salinity, % 0 , to the north of New Zealand. 

North is at the left. The scale of pressure is numerically close to that of depth in metres 
(see Appendix). 
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SUBSURFACE PROPERTIES 

Upper Mixed Layer 

At some stations of the survey the top of the 
thermocline layer was at a depth of several tens of 
metres and was overlain by a nearly isothermal 
upper mixed layer. At other stations the temperature 
decreased steadily with increasing depth right 
from the sea surface. A clearly defined example of 
the first situation may be seen in the bathythermo¬ 
graph trace from Sta. E 515 (Fig. 5), where the 
upper isothermal layer was about 36 m thick, and 
the transition at its base to the upper part of the 
thermocline layer was particularly pronounced. 
An extreme example of the second situation was 
found at Sta. E 508 where the bathythermograph 
trace (Fig. 5) revealed a nearly constant vertical 
temperature gradient from a depth of some 80 m 
right up to the sea surface. Not all the bathythermo- 
grams obtained can be readily placed in these two 
classes, but there was a tendency for soundings of 
the second kind, in which the upper mixed layer 
was absent or ill defined, to occur along the southern 
side of the region of high surface salinity, and in the 
topographic trough (below the 1.6 dynamic metre 
contour, say) which extended into this region. This 
division can also be seen in the vertical temperature 
cross sections, especially south of Sta. E 498 
(Fig. 6a) and south of E 510 (Fig. 8a). 

Bathythermograph traces obtained during an 
earlier survey of this series (Garner, 1967b) show 
that the isothermal upper mixed layer had recovered 
its structure in the northern part of the south-east 
Tasman Sea (latitude 41-42° S) but had lost it 
again further to the south in the region of the 
Subtropical Convergence. Possibly, these variations 
in the thermal structure of near-surface waters with 
latitude are due to corresponding variations of 
vertical velocity components associated with zones 
of horizontal convergence and divergence in the 
surface ocean circulation. The absence of an iso- 
thermal upper mixed layer would then be due to a 
continued upwards movement of colder water into 
near-surface layers at a rate sufficient to counteract 
the effect of vertical mixing by wind and wave. 

The upper 200 m or so of the water column is, in 
general, a region of rather weak vertical salinity 
gradient. The top of the halocline layer, in which 
the salinity begins to fall rather rapidly with 
increasing depth, is particularly well marked in 
the vertical cross sections of Figs. 6b and 8b. 
Where this halocline lies deepest an inflexion is 
also present in the temperature depth curve at the 
top of the halocline (for example, at about 350 m 
at Sta. E 501, and about 250 m at Sta. E 511). This 


is similar to the situation typical of many stations 
in the south-east Tasman Sea (Garner, 1967b) for 
which it was suggested that the upper nearly iso¬ 
haline region represents the upper mixed layer in 
its maximum winter development. If this explana¬ 
tion is valid, at the two stations mentioned above 
the summer thermocline layer in the upper 100 m 
of the water column can be distinguished from the 
top of the permanent thermocline at the greater 
depth. 

Salinity Maximum 

At all stations within the region of high surface 
salinity (>35.7% 0 , say) except for sta. E 511, 
salinity decreased steadily with increasing depth 
throughout the upper part of the water column. 
Beneath the surface water of lower salinity found 
in both northern and southern parts of the survey 
area, however, salinity increased with depth to 
reach a weak maximum between 30 and 100 m. 
Except for an isolated high around Sta. E 511, 
salinity on the surface of maximum salinity 
increased northwards over the whole survey area, 
as shown by the broken isohalines in Fig. 4. 
Large-scale maps of the surface oceanic salinity 
distribution (for example, Defant, 1961, Plate 5) 
show that the source of high salinity water in the 
South Pacific is centred in the eastern subtropical 
part of this ocean (at about 20° S, 120° W). 
From this centre a ridge of high salinity extends 
westwards past the north of New Zealand almost 
to the east coast of Australia. From comparison 
of the topography and salinity patterns of Figs. 1 
and 4, it would appear that the high salinity water 
north of New Zealand found during the present 
investigation was flowing eastwards out from the 
Tasman Sea, having presumably been introduced 
into the Coral Sea at some lower latitude from 
the subtropical source region. Comparison of the 
salinity distribution in upper water layers with 
Wyrtki’s (1962a) classification of water masses in 
the south-west Pacific region, however, identifies 
this high salinity water with the southern component 
of his subtropical lower water which, he suggests, 
enters the Coral Sea to the north of New Zealand, 
and is continuous with the subtropical surface 
water of the eastern Pacific. The zonal salinity 
gradient along the axis of the high surface salinity 
ridge in Fig. 4 is indeterminate, but Wyrtki’s 
geographically more extensive study showed salinity 
in the core of the southern component of the 
subtropical lower water to be increasing east¬ 
wards, indicating the spreading of this water from 
that direction, either by direct flow or by lateral 
mixing. 
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Fig. 10. Isohalines (% 0 ) of salinity in the core of the Antarctic Intermediate Water. The position of the 1 km isobath around 

the north of New Zealand is indicated. 


Resolution of the direction of movement of 
subtropical water to the north of New Zealand 
will probably require direct measurement of current 
flow, independent of the hydrology. 

Wyrtki’s (1962a) analysis was based on observa¬ 
tions made during the late summer of 1960, 
and revealed salinities in the subtropical water 
north of New Zealand rather higher (<35.9% 0 ) 


than were found by this survey (~ 35.7% 0 ). Salinity 
greater than 35.9% 0 was also encountered around 
the northern part of New Zealand in the summer 
of 1955 (Garner, 1961, Fig. 3), and again in summer, 
1967 (Garner and Ridgway, 1965, Fig. 45), so 
the influence of this water mass may not have 
been as pronounced during the survey period 
as it can sometimes appear to be. 
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Wyrtki (1960) states than monsoon winds 
bring relatively low-salinity equatorial waters 
from the western Pacific into the Coral Sea during 
January-March. The lower surface salinities in 
the northern part of the survey area will thus 
represent the southern limit of the incursion 
of this equatorial water. During September 
1966 it was found (B. R. Stanton, pers. comm.) 
that surface salinity continued to rise slowly 
between the northern part of the survey area 
and New Caledonia, where a value of about 
35.8% 0 was reached. 

The mean current charts referred to earlier 
show a Tropical Convergence to the north of 
New Zealand where the Trade Drift, moving 
south-westwards, meets the east-flowing water 
from the Tasman Sea circulation system around 
the north of North Island. The maps of Wyrtki 
(1960) show the seasonal movement in latitude 


of this feature; it appears furthest south, around 
30° S, during the summer months but loses its 
definition in February. From the above definition 
it might be expected that the Tropical Convergence 
would be marked by the southern edge of the 
belt of high surface salinity—by the more southerly 
35.6% 0 isohaline in Fig. 4, for instance. In com¬ 
paring the hydrology with the mean current maps, 
however, Wyrtki (1962) stated that the position 
of the Tropical Convergence coincided with 
the northern boundary of the southern component 
of the subtropical lower water north of New 
Zealand; south of the Convergence the salinity 
maximum was said to lie at the surface, while to 
the north a subsurface maximum was described. 
No hydrological structure suggesting the existence 
of a tropical convergence was revealed by the 
present survey. 



Fig. 11. Vertical cross section of sound velocity (m/sec) along the eastern side of the Norfolk Ridge, corresponding to the 

hydrological sections of Fig. 8. 
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Antarctic Intermediate Water 

Below the halocline, salinity decreased with 
increasing depth at all stations to reach a mini¬ 
mum (<34.5% 0 ) at about 1.1 km. This mini¬ 
mum marks the core of the Antarctic Intermediate 
Water the properties of which, over the Pacific 
as a whole, have been discussed by Reid (1965) 
and, for the south-west Pacific in particular, by 
Wyrtki (1962a). Both these studies show that 
the Antarctic Intermediate Water enters the 
Coral Sea from the east between Fiji and New 
Zealand. Wyrtki (1962a, Fig. 12) found a tongue 
of low salinity (<34.4% 0 ) in the Intermediate 
core between latitudes 22° S and 27° S south 
of Fiji, extending westwards towards New Cale¬ 
donia. He suggested that this branch was derived 
from a strong northward flow of Antarctic Inter¬ 
mediate Water around the end of the Chatham 
Rise east of New Zealand. Reid (1965, Fig. 24), 
looking at a geographically more extensive situa¬ 
tion, described a similar tongue south of Fiji 
but showed that its origin extended well into 
the eastern Pacific. It was inferred that the Antarctic 
Intermediate Water reached the Coral Sea by 
way of a long gyral involving, in turn, the deeper 
waters of the Circumpolar, the Peru, and the 
South Equatorial Currents. 

The variation of salinity on the minimum surface 
throughout the survey area has been plotted 
(Fig. 10). Salinity gradients on this surface were 
very weak, as is general over the whole Tasman 
Sea. A tendency is evident for slightly higher 
salinities (~34.5% 0 ) to lie over the shallower 
water north of the Three Kings Islands (Sta. E 519) 
and the southern part of the Norfolk Ridge 
(Sta.E 510). This effect, presumably due to increased 
vertical mixing over topographic features, has 
been noticed elsewhere for the Antarctic Inter¬ 
mediate layer (Garner, 1967b). Salinity on the 
minimum surface fell in the north and north¬ 
eastern parts of the survey area. This trend is 
associated with the presence to the near north 
of the main inflow of Antarctic Intermediate 
Water into this region, as described earlier. 

Deep Water 

Below the core of the Antarctic Intermediate 
Water salinity increased slowly with increasing 
depth. The stations of this survey were designed 
to reach a depth of 2-2.5 km, sufficient to define 
adequately the Intermediate salinity minimum but 
not necessarily to sample the deepest waters of the 
basins investigated. Deep data are sufficient, 
however, to show that a greater vertical salinity 
gradient was observed below the Intermediate 


core in the south-east Tasman Sea (Garner, 1967b, 
Fig. 5) (giving a salinity around 34.7% 0 at a depth 
of 2 km) than in the present work for the New 
Caledonia Trough (Figs. 6b and 7b) (where deep 
salinity was just over 34.6% 0 in water of equivalent 
temperature). 

These differences are explained by Wyrtki 
(1961), who found that the deeps of the New 
Caledonia Trough and the South Fiji Basin are 
filled, from the north, with Pacific Bottom Water— 
a derivative of the Antarctic Bottom Water. This 
water also fills the bottom of the Tasman Basin 
but, unlike areas further north, it has a weak 
salinity maximum at a depth of about 3 km in the 
Tasman. This marks the core of the Pacific Deep 
Water, a remnant of North Atlantic Deep Water, 
the presence of which accounts for the higher 
salinity of the deeper waters in the Tasman Basin, 
south of the Lord Howe Rise. 

SOUND VELOCITY 

This survey provides a further contribution 
towards definition of the SOFAR sound channel 
configuration around New Zealand. Apart from 
some very small fluctuations in the upper mixed 
layer at a few stations, sound velocity decreased 
with increasing depth over the survey area to 
reach a minimum at some 1,300 m. This minimum 
marks the axis of the SOFAR sound channel, the 
general characteristics of which have been described 
for the New Zealand region by Garner (1967c). A 
vertical cross section of sound velocity along the 
eastern side of the Norfolk Ridge (Fig. 11) matches 
the hydrological sections of Fig. 8. The velocity of 
sound in the SOFAR axis of this section reached a 
maximum of nearly 1,490 m/sec at Sta. E 511. 
Comparison of Figs. 8 and 11 shows that this 
was derived from the dip in all isopleths at this 
station associated with the large wave in the 
generally east-going geostrophic flow east of the 
Norfolk Ridge. A sound velocity maximum in 
the SOFAR axis also appeared in the other 
meridional sections (not reproduced here) corre¬ 
sponding to Figs. 6, 7, and 9, but more weakly 
defined than was shown in Fig. 11. A belt of high 
SOFAR velocity thus appeared to run zonally 
through the centre of the survey area, its axis 
defined by Sta. E 499, E 504, E 511, and E 518, in 
about latitude 31° S. The earlier general study of 
SOFAR channel characteristics (Garner, 1967c), 
based on a compilation of hydrological stations in 
the New Zealand region, also showed that “this 
belt of high sound velocity extends north-westwards 
from the northern tip of New Zealand, passing 
between Norfolk and Lord Howe Islands”. It was 
suggested that the isotherm dip associated with 


Inset 3* 



This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 




this belt would probably mark the dynamical 
boundary “between a general west-going movement 
of water into the Tasman Sea to the north of 
30° S, and an east-going flow out from the Tasman 
between this latitude and New Zealand”. This 
interpretation would imply the existence north of 
30° S of a west-flowing movement more general 
than was indicated by the present survey, which 
revealed, rather, a localised flow with a west-going 
component due to perturbation of an east-flowing 
stream. 


Echo-sounding Corrections 

A further contribution, too, is made to a re- 
evaluation for the New Zealand region of Matthews’ 
(1939) tables for the correction of sonic soundings 
in terms of regional variations of the velocity of 
sound. Table 2 gives a comparison of mean vertical 
sounding velocities, and corrections to an echo¬ 
sounding machine calibrated for a velocity of 
1,500 m/sec, between Matthews’ estimates for the 
survey area (his region 46) and the survey data. This 
is given for a northern station, E 515, and for a 
southern station, E 507. Observed values for the 
southern station are closely approximated by 
Matthews’ estimates. In the north of the survey 
area the corrections derived tend to be rather 
larger than those given in the earlier tables. 


Table 2. Sounding Velocities and Corrections 

Column A—depth (metres). 

Column B—mean vertical sounding velocity (m/sec). 

Column C—correction (metres) to be applied alge¬ 
braically to the sounding from a 
machine set for a velocity of 1,500 
m/sec. 



Matthews area 46 

Station E 507 

Station E 514 

A 

B 

C 

B 

C 

B 

C 

2 

1524 

3 

1514.5 

1.9 

1526.4 

3.5 

4 

1517 

4 

1510.3 

2.8 

1521.0 

5.7 

6 

1510 

4 

1506.8 

2.6 

1516.1 

6.5 

8 

1505 

3 

1503.3 

1.8 

1511.5 

6.1 

10 

1501 

1 

1500.9 

0.6 

1507.4 

4.8 

12 

1499 

- 1 

1498.9 

-0.9 

1504.0 

3.3 

14 

1497 

- 3 

1497.4 

-2.6 

1501.7 

1.6 

16 

1496 

- 4 

1496.1 

-4.1 

1499.5 

-0.1 

18 

1495 

- 6 

1495.5 

-5.5 

1498.4 

-1.5 

20 

1495 

- 7 

1495.4 

-6.6 

1498.0 

-2.6 

22 

1494 

- 9 

1495.2 

-7.4 

1497.7 

-3.4 

24 

1494 

-10 

1495.0 

-8.0 

1497.5 

-4.0 

26 

1495 

- 9 

1495.0 

-8.5 

1497.2 

-4.5 
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APPENDIX 

Numerical Station Data 

Station numbers are prefixed with the letter E. Positions, dates, etc., of stations are 
listed in Table 1. The significance of column headings is as follows: 

P is the thermometrically measured pressure in decibars at each sampling 
point. This is numerically nearly equal to the geometric depth in metres. 
A more accurate conversion using representative mean density figures 
(LaFond, 1951, p. 8) is as follows: 

pressure {decibars): 200 400 600 800 1000 1500 2000 2500 

depth {metres): 199 398 595 793 991 1484 1976 2467 

T is the water temperature in °c. 

S is the water salinity in % 0 . 

at is the water density, isothermally reduced to surface pressure. The C V’ 
value is derived from the specific gravity, p , according to the relation: 

<j={p- 1) X 10 5 

HAD is the cumulative anomaly of dynamic height (LaFond, 1951) of the sea 
surface from the sample depth. Expressed in dynamic metres. 

C is the in situ sound velocity (Bark et al ,, 1964) in m/sec. 
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HYDROLOGY OF THE NORTH¬ 
EAST TASMAN SEA 

by 

D. M. Garner 

New Zealand Oceanographic Institute 


ABSTRACT 

The distribution of ocean temperature and salinity in the north-east Tasman Sea, west of North 
Island, New Zealand, is described. Based on these data, calculations are made of the geostrophic 
circulation and of the velocity of sound in this region. This study was the fifth of a series of block 
surveys of oceanic hydrology in the New Zealand region. 


INTRODUCTION 


During March 1967 the fifth contribution to 
a series of studies on the summer distribution 
of temperature and salinity in ocean waters 
around New Zealand covered a block in the 
north-east Tasman Sea to the west of North 
Island, between latitudes 35° 30' S and 39° 30' S, 
and between longitudes 164° 30' E and 172° 30' E. 
Earlier work in this series has been reported by 
Garner (1967a, b) and by Ridgway (in press) 
and Garner (in this volume). The grid of 21 sta¬ 
tions worked extended from the south-eastern 
end of the New Caledonia Basin, across the Lord 
Howe Rise, to the north-eastern margin of the 
Tasman Basin. The configurations of bottom 
topography and station positions are shown in 
Fig. 1. The bathythermograph and reversing 


bottles with thermometers were used to define 
temperature and salinity of ocean waters as a 
function of pressure over the survey area. Methods 
of working followed those described in earlier 
reports of this series of studies. 

PRESENTATION OF DATA 

Positions and times of stations are listed in 
Table 1 together with meteorological information. 
Observed station depth/temperature/salinity data 
are listed in the Appendix together with derived 
values of density, geopotential anomaly, and 
sound velocity computed according to relations 
given by LaFond (1951) and Wilson (1960). 
Tracings of bathythermograph records are set 
out in Fig. 6. 
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Table 1. Station Circumstances 
Air (screen) temperature and wind were estimated at bridge level. 



N.Z. Date/Time 

| 

Wind 



Station 

No. 

March 1967 

Start Finish 

Air Temp. 
(°c) 

Dirn. 

Ct) 

Speed 

(kt) 

Latitude 

S 

Longitude 

E 

F 799 

3/0118 

3/0438 

15.7 

110 

5 

38° 30' 

165° 00' 

F 800 

3/1242 

3/1450 

17.2 

080 

7 

39° 30' 

164° 30' 

F 801 

3/2258 

4/0112 

16.0 

080 

10 

39° 30' 

165° 50' 

F 802 

4/0800 

4/0920 

17.5 

040 

11 

39° 30' 

167° 00' 

F 803 

4/1745 

4/1904 

18.7 

020 

17 

39° 20' 

168°15' 

F 804 

5/0444 

5/0544 

19.2 

020 

13 

38° 20' 

168° 50' 

F 805 

5/1205 

5/1355 

20.1 

045 

7 

38° 24' 

167°31' 

F 806 

5/2104 

5/2253 

18.0 

200 

8 

38° 30' 

166°10' 

F 807 

6/0618 

6/0747 

18.9 

140 

15 

37° 30' 

165° 40' 

F 808 

6/1736 

6/1937 

19.9 

080 

15 

36° 30' 

166° 30' 

F 809 

7/1532 

7/1723 

21.5 

050 

13 

35° 30' 

167° 30' 

F 810 

8/0638 

8/0817 

20.5 

040 

15 

35° 30' 

169° 00' 

F 811 

8/1550 

8/1746 

20.3 

040 

10 

36° 30' 

168° 30' 

F 812 

9/0211 

9/0330 

20.1 

050 

9 

37° 30' 

167° 50' 

F 813 

9/1424 

9/1605 

20.4 

020 

10 

37° 21' 

169° 30' 

F 814 

9/2352 

10/0132 

20.0 

030 

10 

35° 30' 

170°10' 

F 815 

10/1030 

10/1236 

20.6 

020 

16 

35° 30' 

170° 40' 

F 816 

10/2143 

11/0057 

21.2 

030 

10 

36° 00' 

172° 10' 

F 817 

11/0715 

11/0904 

20.7 

350 

15 

36° 45' 

171° 20' 

F 818 

11/1616 

11/1754 

20.0 

280 

15 

37° 20' 

172° 30' 

F 819 

12/0818 

12/1040 

17,0 

170 

25 

38° 00' 

171° 30' 
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Fig. 2. Sea surface isotherms (°c). 
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Fig. 3. Sea surface isohalines (% 0 ). Crosses mark positions of water samples taken in addition to those at the stations marked 

by dots. 
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Fig. 5. Vertical cross section of salinity (% 0 ) corresponding to the temperature section of Fig. 4. 
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Fig. 6. Bathythermograph traces. 
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Fig. 7. Salinity at the core of the Antarctic Intermediate Water. 



DISCUSSION 


From the results of hydrological surveys north¬ 
west of New Zealand and in the south-east Tasman 
Sea (Garner, this volume; 1967b) it was apparent 
that rather small horizontal variations of water 
properties would be found over the present survey 
area in the north-east Tasman Sea. Very little 
structure is, in fact, revealed in the hydrological 
distributions mapped by this work, but the com¬ 
pletion of this block provides a systematic des¬ 
cription of the summer oceanic hydrology of a 
region extending some 300 miles westwards 
from New Zealand between latitudes 27° S and 
48° S, within the limitations imposed by the use 
of data taken in different years. Present know¬ 
ledge of the geopotential topography of the ocean 
surface in this area with respect to the 1,000 
decibar isobaric surface has been summarised else¬ 
where (Garner, 1969b) from the data from this 
series of surveys. The present discussion is con¬ 


fined to a description of the hydrological 
characteristics of the north-east Tasman block. 

SURFACE TEMPERATURE AND SALINITY 

Figs. 2 and 3 provide, respectively, a description 
of the temperature and salinity of the sea surface 
over the survey area. Surface isotherms ran nearly 
east-west with a small and nearly constant meri¬ 
dional temperature gradient. The trend of iso¬ 
therms between the survey area and the west 
coast of North Island has been estimated in 
Fig. 2 using a thermograph record obtained along 
the coast from m.v. Taranui just before working 
the survey block (Garner, 1969). No simple 
correlation between surface temperature and 
salinity was apparent. Isohalines were approxi¬ 
mately zonally oriented in the west of the survey 
block but had a more north-south trend in the 
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Fig. 8. Geopotential topography of the sea surface estimated with respect to (a) 1,000 decibars (heavy black) and (b) 500 
decibars (light black) in dynamic metres. Contours are also streamlines of the relative surface geostrophic circulation in the 
sense of the arrows. 


east. Measurements along TaranuVs coastal passage 
showed that surface salinity continued to fall 
between the survey block and the shelf but contained 
so much detail due to coastal fresh water run-off 
that the isohalines in Fig. 3 could not readily 
be continued eastwards. 

SUBSURFACE TEMPERATURE AND SALINITY 
Figs. 4 and 5 show isotherms and isohalines, 
respectively, in vertical cross section along the 
westernmost line of stations in the survey area. 
An isothermal upper mixed layer about 50 m 
deep covered the area. The bathythermograph 
traces of Fig. 6 show that the lower boundary 
of this layer was well defined. A discontinuity 
in vertical temperature gradient occurred at 
the top of the thermocline layer at all stations 
except for the group F 803, F 804, and F 805 
over the eastern end of the Lord Howe Rise. 
Salinity in the upper mixed layer tended to increase 
slightly_with depth to reach a weak maximum 


near the top of the thermocline. Little isoline 
structure of note appeared below the thermo¬ 
cline. The only significant isotherm slopes in the 
section of Fig. 4 were found at intermediate 
depths between stations F 799 and F 800 in the 
south, and between depths of 200 and 700 m in 
the north from station F 808 to F 809. The latter 
feature was associated with the only significant 
geopotential slope found in the survey area. At 
most stations of the survey a region of relatively 
weak vertical temperature gradient was found 
below the summer thermocline layer. In the 
temperature cross section of Fig. 4 this region was 
found at a depth of some 200 m at all stations 
except F 808. Below this region lay the top of the 
main thermocline layer, at about 300 m, which 
coincided with the top of the main halocline, 
the vertical salinity gradient being rather weak 
between this depth and the surface. This double 
thermocline structure was also characteristic of 
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many stations in the adjacent south-east Tasman 
and north-west survey blocks. Below the deep 
thermocline the temperature fell, with a steadily 
decreasing gradient, to reach 2°c at a depth of 
about 2 km. Below the halocline, salinity decreased 
with increasing depth to reach a minimum of 
about 34.5% 0 at a depth of some 900 m in the core 
of the Antarctic Intermediate Water. Salinity in 
this core layer tended to increase where it ap¬ 
proached close to the sea floor (Fig. 7), probably 
owing to an increase in turbulent vertical mixing, 
as has been noted for the other survey areas 
around New Zealand. Beneath the Antarctic 
Intermediate core, salinity increased slowly to 
reach some 34.7% 0 at a depth of 2 km. No signifi¬ 
cant difference in the salinity of this Deep Water at 
a given temperature each side of the Lord Howe 
Rise was evident (Wyrtki, 1961). 


Table 2. Mean Vertical Sounding Velocity and Echo 
Sounding Corrections for station F 800 compared with 
data for Matthews’ (1939) Area No. 42 


Depth 

F 800 


Area 42 





(m) 

MSV 

Corrn. 

MSV 

Corrn. 


(m/sec) 

(m) 

(m/sec) 

(m) 

200 

1,509.2 

+ 1.2 

1,504 

+ 1 

400 

1,504.6 

+ 1.2 

1,499 

0 

600 

1,500.8 

+ 0.3 

1,496 

- 2 

800 

1,497.8 

- 1.1 

1,493 

- 4 

1,000 

1,495.2 

- 3.1 

1,492 

- 5 

1,200 

1,493.2 

- 5.4 

1,491 

- 7 

1,400 

1,491.9 

- 7.7 

1,490 

- 9 

1,600 

1,490.9 

- 9.6 

1,490 

-11 

1,800 

1,490.6 

-11.3 

1,490 

-12 

2,000 

1,490.4 

-12.8 

1,489 

-14 


F808 1520 F807 F799 F800 



Fig. 9. Vertical cross section of sound velocity (m/sec) across the Lord Howe Rise corresponding to the hydrological sections 

of Figs. 4 and 5. 
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DYNAMICS 

In terms of the relative geopotential slope of the 
sea surface (Fig. 8) the dynamical structure of 
the survey block was very weak indeed. Geo- 
strophic flow was generally from the west with an 
indication of increasing velocities in the north of 
the area. This is close to the southern edge of the 
relatively strong flow of water (defined by the 
north-west survey) from the East Australian 
Current running eastwards to the north of New 
Zealand. 


SOUND VELOCITY 

In the vertical section of sound velocity (Fig. 9) 
a weak subsurface maximum was defined at a 
depth of about 30 m. Below this, velocity decreased 
with increasing depth to form the minimum of 
the SOFAR channel at a depth of 1.3 to 1.4 km. 

No great differences were found between 
mean vertical sounding velocities calculated from 
the survey data and those estimated for the region 
by Matthews (1939). A comparison of the two 
sets of figures is presented in Table 2 for station 
F 800, which provided data from the greatest 
depth reached by this survey. 


ACKNOWLEDGMENTS 

The writer is grateful for the assistance of 
K. B. Lewis, W. Main, R. J. Singleton, and B. R. 
Stanton, all of the N.Z. Oceanographic Institute, 
with the field work, and for the willing co-operation 
of the crew of m.v. Taranui under Captain D. K. 
Matheson. Computing facilities were provided 
by the Applied Mathematics Division of the 
DSIR, Wellington. Figures for each of the cruise 
reports of this hydrological survey series were 
prepared for publication by the Cartographic 
Section of DSIR. 


39 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 







REFERENCES 


Garner, D. M. 1967a: Hydrology of the Southern Hiku- 
rangi Trench Region. Bull. N.Z. Dep. scient. ind. Res. 
177. 

- 1967b: Hydrology of the South-east Tasman Sea. 

Bull. N.Z. Dep. scient. ind. Res. 181. 

— — 1969a: The Seasonal Range of Sea Temperature 
on the New Zealand Shelf. N.Z. Jl mar. Freshwat. Res. 
3:201-8. 

- 1969b: The Geopotential Topography of the Ocean 

Surface around New Zealand. N.Z. Jl mar. Freshwat. 
Res. 3: 209-19. 

Lafond, E. C. 1951: Processing Oceanographic Data. 
Pubis U.S. hydrogr. Off. 614. 


Matthews, D. J. 1939: Tables of the Velocity of Sound in 
Pure Water and Sea Water for use in Echo Sounding 
and Sound Ranging. Pubis Admiralty hydrogr. Dep. 
282: 1-151. 

Ridgway, N. M. (in press): Hydrology of the Southern 
Kermadec Trench Region. Bull. N.Z. Dep. scient. ind. 
Res. 

Wilson, W. D. 1960: Speed of Sound in Sea Water as a 
Function of Temperature, Pressure and Salinity. /. 
acoust. Soc. Am. 32 (6): 641-4. 

Wyrtki, K. 1961: The Flow of Water into the Deep Sea 
Basins of the Western South Pacific Ocean. Aust. J. 
mar. Freshwat. Res. 12 ( 1 ): 1-16. 


40 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 


1 @ ©@© 




APPENDIX 

Numerical Station Data 

P is the sampling pressure in decibars. This is numerically nearly equal to 
the geometric depths in metres. A more accurate conversion using 
representative mean density figures (LaFond, 1951, p. 8) is as follows: 

pressure {decibars): 200 400 600 800 1000 1500 2000 2500 

depth {metres): 199 39 8 595 793 991 1484 1 976 2467 

T is the sample temperature in °c x 100. 

S is the sample salinity in % 0 x 100. 

at is the density reduced to surface pressure isothermally x 100. 
a s tp is the in situ density X 100. 

The “a” value is derived from the specific gravity, p, from the relation 
a = (p — 1) X 10 5 . 

EAD is the anomaly of the geopotential distance from the sea surface to the 
sample depth, in dynamic metres X 100. 

C is the in situ sound velocity in m/sec x 10. 

C m is the harmonic mean sound velocity between the sea surface and the 
sample depth, in m/sec x 10. 

K is the correction, in metres, to be applied to an echo sounding of a depth 
corresponding to the depth D on a machine calibrated for a velocity of 
1,500 m/sec x 10. 
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